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��� $[OH�GDPDJH�IDFWRUV'DWD�RQ�DYHUDJH�ORDG�RI�GLIIHUHQW�WUXFN�ZHLJKW�FDWHJRULHV�DUH�DOVR�JRW�IURP�&%6��������)RU�DYHUDJH�ORDG�SHU�ZHLJKW�FDWHJRU\�LQ������ZH�VLPSO\�XVH�WKH�GDWD�IURP������EHFDXVHDYHUDJH�ORDG�IRU������FRXOG�QRW�EH�FDOFXODWHG�IURP�DYDLODEOH�GDWD��DW�OHDVW�QRW�IRU�DOO�WKHZHLJKW�FDWHJRULHV�ZH�GLVWLQJXLVK�LQ�WKLV�VWXG\���,Q�WKH�&%6�VWXG\�KRZHYHU��ZHLJKW�LV�GH�ILQHG�DV�WKH�µPD[LPXP�ORDG¶�LQVWHDG�RI�WKH�µPD[LPXP�DOORZHG�ZHLJKW¶�GHILQLWLRQ�WKDW�LVXVHG�LQ�XQGHUO\LQJ�VWXG\��7R�WUDQVIRUP�WKH�IRUPHU�LQWR�WKH�ODWWHU��7/1�SURYLGHG�GDWD�RQDYHUDJH�ZHLJKW�RI�HPSW\�WUXFNV�LQ�GLYHUVH�PD[LPXP�ORDG�FDWHJRULHV��)RU�DYHUDJH�ORDGRI�IRUHLJQ�WUXFNV�RQ�'XWFK�KLJKZD\V�ZH�DOVR�XVH�WKH�DYHUDJH�ORDGV�IURP�WKH�&%6�VWXG\IRU�'XWFK�WUXFNV��1RWH�WKDW��WRJHWKHU�ZLWK�WKH�DVVXPSWLRQ�WKDW�WKH�GLVWULEXWLRQ�RI�YHKLFOHNLORPHWUHV�RQ�'XWFK�KLJKZD\V�DPRQJ�WKH�ZHLJKW�FDWHJRULHV� LV� LGHQWLFDO�IRU�'XWFK�DQGIRUHLJQ�WUXFNV��WKLV�LPSOLHV�WKDW�IRUHLJQ�WUXFNV�DW�KLJKZD\V KDYH�WKH�VDPH�FRVWV�SHU�YH�KLFOH�NLORPHWUH�DV�'XWFK�WUXFNV�LQ�WKH�VDPH�ZHLJKW�FDWHJRU\�
,PSRUWDQW� IXUWKHUPRUH� LV� WKDW� WKH� WRRO� WR�PHDVXUH� �UHODWLYH�� URDG� GDPDJH� RI� WUDQVSRUWPRGHV�LV�EDVHG�RQ�D[OH�GDPDJH�IDFWRUV��7KLV�LPSOLHV�WKDW��QH[W�WR�DYHUDJH�ORDG��ZH�UH�TXLUH�GDWD�RQ�WKH�DYHUDJH�DPRXQW�RI�D[OHV�DQG�RQ�D[OH�FRQILJXUDWLRQ�SHU�ZHLJKW�FDWHJRU\�VHH�'::��������DQG�98��������RQ�KRZ�WR�DFFRXQW�IRU�D[OH�FRQILJXUDWLRQ�LQ�FDOFXODW�LQJ�D[OH�GDPDJH�IDFWRUV���7KHVH�GDWD�ZHUH�SURYLGHG�E\�7/1��ZKHUH�LW�VKRXOG�EH�QRWHGWKDW� WKH� QXPEHU� RI� D[OHV� SHU�ZHLJKW� FDWHJRU\� LV� WKH� OHJDO�PLQLPXP�QXPEHU� RI� D[OHV�'DWD�IRU�IUHLJKW�WUDQVSRUW�DUH�VXPPDULVHG�LQ�7DEOH���
�� $OORFDWLRQ�PHWKRG
7KLV�VHFWLRQ�DGGUHVVHV�WKH�PHWKRGV�ZH�XVH�WR�DOORFDWH�FRVWV�RI�LQIUDVWUXFWXUH�WR�SDVVHQ�JHU�DQG�IUHLJKW�WUDQVSRUW��6XEVHTXHQWO\�ZH�GLVFXVV�WKH�PHWKRG�WR�DOORFDWH�FRVWV�RI�FRQ�VWUXFWLRQ�� PDLQWHQDQFH�� RSHUDWLRQ� DQG� ODQG� XVH�� &RVWV� RI� LQIUDVWUXFWXUH� FRQVWUXFWLRQVKRXOG�EH�WUHDWHG�DV�IL[HG�FRVWV��DW�OHDVW�WKH�ODUJHVW�SDUW�RI�LW��%DVHG�RQ�D�VWXG\�E\�'+9��������DQG�FRQIRUP�WKH�DOORFDWLRQ�PHWKRG�LQ�&(��������DQG�7/1�������������RI�FRQ�VWUXFWLRQ�FRVWV� LV�DOORFDWHG�RQ�WKH�EDVLV�RI�YHKLFOH�NLORPHWUHV�DQG�3&(��3DVVHQJHU�&DU(TXLYDOHQW���)RU� WKH�3&(¶V�RI�GLIIHUHQW� WUDQVSRUW�PRGHV�ZH�DGRSW� WKH�PHWKRG�XVHG�E\7/1��������� $W�D�VDIHW\�GLVWDQFH�RI����PHWUHV��ZKLFK�LV�UHTXLUHG�DW�D�VSHHG�RI����NLOR�PHWUHV�SHU�KRXU��WKH�3&(�RI�D�GHOLYHU\�YDQ�LV�HTXDO�WR����WKDW�RI�D�WUXFN�VROR�DQG�D�EXV����DQG� WKDW�RI�D� WUXFN�FRPELQDWLRQ�DQG� WUDLOHU������$W�D� VDIHW\�GLVWDQFH�RI����PHWUHV�



ZKLFK�LV�UHTXLUHG�DW�D�VSHHG�RI�DSSUR[LPDWHO\�����NLORPHWUHV�SHU�KRXU��WKH�3&(�RI�D�GH�OLYHU\�YDQ�LV�HTXDO�WR����WKDW�RI�D�WUXFN�VROR�DQG�D�EXV�����DQG�WKDW�RI�D�WUXFN�FRPEL�DQG�DWUDLOHU������+RZHYHU��7/1�DOORFDWHV�������RI������RI�FRQVWUXFWLRQ�FRVWV�DW�KLJKZD\VDQG�PRWRUZD\V�	�SURYLQFLDO�URDGV�RQ�WKH�EDVLV�RI�3&(�DW����NLORPHWUHV�SHU�KRXU��:HDUJXH�WKDW�WKLV�LV�QRW�UHDOLVWLF�VLQFH�WKH�VSHHG�DW�WKHVH�URDG�W\SHV�LV�DW�OHDVW�����NLORPH�WUHV�SHU�KRXU PRVW�RI�WKH�WLPH��7KHUHIRUH��ZH�DOORFDWH�����RI�����RI�FRQVWUXFWLRQ�FRVWVRQ� WKH� EDVLV� RI� 3&(� DW� ��� NLORPHWUHV� SHU� KRXU� ����� LV� RXU� HVWLPDWLRQ� RI� WKH� UHODWLYHQXPEHU�RI�NLORPHWUHV�GULYHQ�LQ�SHDN�KRXUV���7KH�UHPDLQLQJ�����ZH�DOORFDWH�RQ�WKH�ED�VLV�RI�3&(�DW�����NLORPHWUHV�SHU�KRXU��$W�PXQLFLSDO� URDGV� WKH�PD[LPXP�VSHHG� LV� ��NLORPHWUHV�SHU�KRXU�DQG�DFFRUGLQJO\�ZH�DOORFDWH������RI�����RI�PXQLFLSDO�URDG�FRQ�VWUXFWLRQ� FRVWV� RQ� WKH� EDVLV� RI� 3&(� DW� ��� NLORPHWUHV� SHU� KRXU� �ZKLFK� LV� FORVH� WR� ��NP?KRXU��� 6LQFH� FRQVWUXFWLRQ� FRVWV� DUH� KLJKHU� ZKHQ� D� URDG� KDV� WR� EH� DEOH� WR� KDQGOHKHDYLHU�YHKLFOHV��WKH�UHPDLQLQJ�����RI�WRWDO�FRQVWUXFWLRQ�FRVWV�LV�DOORFDWHG�RQ�WKH�EDVLVRI� YHKLFOH� NLORPHWUHV� DQG� �WK SRZHU� D[OH� ORDGV� �'+9�� ������� 7KXV�� WKLV� SDUW� RI� FRQ�VWUXFWLRQ� FRVWV� LV� YDULDEOH� LQ� ZHLJKW� RI� WKH� WUDQVSRUW� PRGHV�PDNLQJ� XVH� RI� WKH� LQIUD�VWUXFWXUH�DQG�YHKLFOH�NLORPHWUHV�
,Q�'::�������������RI�PDLQWHQDQFH�FRVWV DUH�UHJDUGHG�DV�LQGHSHQGHQW�RI�WKH�LQWHQVLW\RI�XVH�RI�WKH�LQIUDVWUXFWXUH�DQG�FDQ�WKHUHIRUH�EH�UHJDUGHG�DV�IL[HG�FRVWV��,GHQWLFDO�DV�DO�ORFDWLRQ�RI�IL[HG�FRVWV�RI�FRQVWUXFWLRQ������RI�����RI�PDLQWHQDQFH�FRVWV�RI�KLJKZD\VDQG�PRWRUZD\V�	�SURYLQFLDO�URDGV�LV�DOORFDWHG�RQ�WKH�EDVLV�RI�3&(�DW����NLORPHWUHV�SHUKRXU��ZKLOH�������I������LV�DOORFDWHG�RQ�WKH�EDVLV�RI�3&(�DW�����NLORPHWUHV�SHU�KRXU�)L[HG�PDLQWHQDQFH� FRVWV� RI�PXQLFLSDO� URDGV� DUH� DJDLQ� IXOO\� DOORFDWHG� RQ� WKH� EDVLV� RI3&(� DW� D� VSHHG� RI� ��� NLORPHWUHV� SHU� KRXU�� 7KH� UHPDLQLQJ� ���� RI� URDG�PDLQWHQDQFHFRVWV�DSSHDUV�WR�EH�GHSHQGHQW�RQ�WKH�LQWHQVLW\�RI�XVH�RI�WKH�LQIUDVWUXFWXUH�DQG�WKH�ZHLJKWRI�WKH�YHKLFOH��7KH�'::�������VWXG\�VXJJHVW�WKDW�RQO\����RI�WKLV�����VKRXOG�EH�DOOR�FDWHG�RQ�WKH�EDVLV�RI��QG SRZHU�D[OH�ORDGV�DQG�����RQ�WKH�EDVLV�RI��WK SRZHU�D[OH�ORDGV�
2SHUDWLRQ�FRVWV FRQVLVW�ODUJHO\�RI�IDFLOLWDWLQJ�WKH�URDG�XVHU��L�H��UHPRYLQJ�LFH�DIWHU�IURVW�VLJQSRVWLQJ��NHHSLQJ�FOHDQ�UHVW�DQG�SDUNLQJ�DUHDV�DQG�WKH�FRVWV�RI�SROLFH��$V�VXFK��RS�HUDWLRQ�FRVWV�DUH�ODUJHO\�IL[HG�FRVWV�DQG�WKH\�DUH�WKHUHIRUH�LQFOXGHG�LQ�WKH�UHVXOWV�DV�DY�HUDJH�FRVWV�RI� LQIUDVWUXFWXUH� �D�FKDQJH�LQ� WUDIILF�YROXPH�ZLOO� OLNHO\�RQO\�LQGXFH�D�YHU\VPDOO�FKDQJH�LQ�RSHUDWLRQ�FRVWV���$OORFDWLRQ�RI�RSHUDWLRQ�FRVWV� LV�GRQH�RQ� WKH�EDVLV�RIYHKLFOH�NLORPHWUHV�RQO\�



7DEOH����$OORFDWLRQ�PHWKRGV�RI�WKH�GLIIHUHQW�W\SHV�RI�LQIUDVWUXFWXUH�FRVWV9NP 3&(���PHWUHV�9NP
3&(���PHWUHV�9NP

�QG SRZHUD[OH�ORDG�9NP
�WK SRZHUD[OH�ORDG�9NP

7RWDO
&RQVWUXFWLRQ�FRVWV)L[HG�FRVWV������+:� DQG�0:�	�35� � ��� ��� � � ����05� � ���� � � � ����9DULDEOH�FRVWV������ � � � � ���� ����&RVWV�RI�PDLQWHQDQFH)L[HG�FRVWV������+:�DQG�0:�	�35 � ��� ��� � � ����05 � ���� � � � ����9DULDEOH�FRVWV������ � � � �� ��� ����&RVWV�RI�ODQG�XVH+:�DQG�0:�	�35 � ��� ��� � � ����05 � ���� � � � ����2SHUDWLRQ�FRVWV ���� � � � � �������+:�PHDQV�KLJKZD\V���0:�	�35�PHDQV�PRWRUZD\V�	�SURYLQFLDO�URDGV���05�PHDQV�PXQLFLSDO�URDGV
,Q� WKH�98�������� VWXG\�FRVWV�RI� ODQG�XVH E\�VHYHUDO� W\SHV�RI� LQIUDVWUXFWXUH� DUH� FDOFX�ODWHG��5HJDUGLQJ� GLUHFW� ODQG� XVH�� HVWLPDWLRQV� RQ� ODQG� XVH� �0���ZHUH� WUDQVIRUPHG� LQWRFRVWV�RI�ODQG�XVH��¼?0���XVLQJ�LQIRUPDWLRQ�RQ�FRVWV�RI�DFTXLULQJ�ODQG�ZLWK�LQIUDVWUXFWXUHFRQVWUXFWLRQ�DV�LWV�VSHFLILF�GHVWLQDWLRQ��,QGLUHFW�ODQG�XVH�LV�DVVRFLDWHG�ZLWK�JRYHUQPHQWLPSRVHG�UHVWULFWLRQV�RQ�WKH�XVH�RI� ODQG�DGMRLQLQJ�LQIUDVWUXFWXUH��XVXDOO\�IRU�VDIHW\� UHD�VRQV�RU�EHFDXVH�RI�KLJK�QRLVH�OHYHOV�� (VWLPDWLRQV�RI�LQGLUHFW� ODQG�XVH�DUH� WUDQVIRUPHGLQWR�FRVWV�RQ�WKH�EDVLV�RI�RSSRUWXQLW\�FRVWV��EHLQJ�WKH�DYHUDJH�YDOXH�RI�ODQG�ZLWKRXW�UH�VWULFWLRQV�PLQXV�WKH�DFWXDO�YDOXH�RI�ODQG��&RVWV�RI�GLUHFW�DQG�LQGLUHFW�ODQG�XVH�DUH�DOOR�FDWHG�XVLQJ�WKH�VDPH�SURFHGXUH�DV�LV�XVHG�IRU�IL[HG�FRQVWUXFWLRQ�FRVWV��$V�PHQWLRQHG�EH�IRUH��FRVWV�RI�LQGLUHFW�ODQG�XVH�DVVRFLDWHG�ZLWK�WKH�WUDQVSRUW�RI�GDQJHURXV�JRRGV�DUH�DO�ORFDWHG�WR�IUHLJKW�WUDQVSRUW�RQO\�
7DEOH����'LYLVLRQ�RI�FRVWV�LQWR�IL[HG�DQG�YDULDEOH�FRVWV0DLQWHQDQFH�FRVWV&RQVWUXFWLRQFRVWV )L[HG 9DULDEOH 2SHUDWLRQFRVWV &RVWV�RI�ODQGXVH)L[HG�FRVWV ; ; ; ;9DULDEOH�FRVWV ;
,Q�7DEOH���D�VXPPDU\�LV�JLYHQ�RI�DEVROXWH�FRVWV�RI�FRQVWUXFWLRQ��PDLQWHQDQFH��RSHUDWLRQDQG� ODQG�XVH� IRU�GLIIHUHQW� URDG� FDWHJRULHV��ZKLOH�7DEOH� �� VXPPDULVHV�ZKLFK� FRVWV� DUHSUHVHQWHG�DV�DYHUDJH�DQG�ZKLFK�DUH�SUHVHQWHG�DV�YDULDEOH�FRVWV�RI� LQIUDVWUXFWXUH� LQ� WKH



6HFWLRQ����1RWH�WKDW�YDULDEOH�FRVWV�RI�FRQVWUXFWLRQ�DUH�LQFOXGHG�DV�IL[HG�FRVWV�SHU�NLOR�PHWUH�EHFDXVH�WKH\�DUH�GHSHQGHQW�WR�D�ODUJH�H[WHQW�RQ�ZHLJKW�RI�WKH�WUDQVSRUW�PRGHV�DQGRQO\�IRU�D�VPDOO�SDUW�RQ�YHKLFOH�NLORPHWUHV�
�� 5HVXOWV
,Q� WKLV� VHFWLRQ� WKH� UHVXOWV� DUH�SUHVHQWHG��$V�PHQWLRQHG�� D�GLVWLQFWLRQ� LV�PDGH�EHWZHHQFRVWV�RI�KLJKZD\V��PRWRUZD\V�	�SURYLQFLDO�URDGV�DQG�PXQLFLSDO�URDGV��2XU�PDLQ�LQWHU�HVW�LV�LQ�WKH�FRVWV�RI�IUHLJKW�WUDQVSRUW��7KHVH�DUH�GLVFXVVHG�LQ�6HFWLRQ������)RU�FRPSOHWH�QHVV��LQ�WKH�QH[W�VHFWLRQ�ZH�SUHVHQW�UHVXOWV�IRU�SDVVHQJHU�WUDQVSRUW��H[FHSW�IRU�WKH�GHOLY�HU\�YDQ��
��� &RVWV�RI�SDVVHQJHU�WUDQVSRUW7DEOH���SUHVHQWV�FRVWV�SHU�NLORPHWUH�IRU�SDVVHQJHU�WUDQVSRUW�DW�GLIIHUHQW�URDG�FDWHJRULHVIRU�WKH�\HDU�������$YHUDJH�FRVWV�DW�WKH�HQWLUH�'XWFK�URDG�QHWZRUN�DUH�DOVR�SUHVHQWHG�
7DEOH����&RVWV�RI�KLJKZD\�LQIUDVWUXFWXUH��PRWRUZD\�	�SURYLQFLDO�URDG�LQIUDVWUXFWXUH��DQG�P X�QLFLSDO�URDG�LQIUDVWUXFWXUH�IRU�'XWFK�SDVVHQJHU�WUDQVSRUW��LQ� ¼FW�SHU�9NP��&RQVWUXF�WLRQ�FRVWV���

&RQVWUXF�WLRQ�FRVWV���
0DLQWH�QDQFHFRVWV

2SHUDWLRQFRVWV &RVWV�RIODQG�XVH 7RWDO)L[HG&RVWV
7RWDO9DULDEOH&RVWV+LJKZD\V3DVVHQJHU�FDU ���� ���� ���� ���� ���� ���� ����%XV�FLW\�UHJLRQDO ���� ���� ���� ���� ���� ���� ����%XV�WRXULQJ ���� ���� ���� ���� ���� ���� ����0RWRUF\FOH ���� ���� ���� ���� ���� ���� ����'HOLYHU\�YDQ ���� ���� ���� ���� ���� ���� ����0RWRUZD\V�	�SURYLQFLDO�URDGV3DVVHQJHU�FDU ���� ���� ���� ���� ���� ���� ����%XV�FLW\�UHJLRQDO ���� ���� ���� ���� ���� ���� ����%XV�WRXULQJ ���� ���� ���� ���� ���� ���� ����0RWRUF\FOH ���� ���� ���� ���� ���� ���� ����0RSHG ���� ���� ���� ���� ���� ���� ����'HOLYHU\�YDQ ���� ���� ���� ���� ���� ���� ����0XQLFLSDO�URDGV3DVVHQJHU�FDU ���� ���� ���� ���� ���� ���� ����%XV�FLW\�UHJLRQDO ���� ���� ���� ���� ���� ���� ����%XV�WRXULQJ ���� ���� ���� ���� ���� ���� ����0RWRUF\FOH ���� ���� ���� ���� ���� ���� ����0RSHG ���� ���� ���� ���� ���� ���� ����'HOLYHU\�YDQ ���� ���� ���� ���� ���� ���� ����� )RU�UHVXOWV�RQ�FRVWV�SHU�NLORPHWUH�DW�WKH�HQWLUH�'XWFK�URDG�QHWZRUN��FRQWDFW�WKH�DXWKRUV



6WULNLQJ�LV�WKDW�FRVWV�SHU�NLORPHWUH�DW�PXQLFLSDO�URDGV�DUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�FRVWVDW�WKH�WZR�RWKHU�URDG�W\SHV��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WRWDO�FRVWV�RI�PXQLFLSDO�URDGV�DUHVXEVWDQWLDOO\�KLJKHU�WKDQ�WRWDO�FRVWV�RI�WKH�RWKHU�WZR�URDG�W\SHV�DQG�WKDW�PXQLFLSDO�URDGVDUH�XVHG�OHVV�LQWHQVLYHO\�WKDQ�RWKHU�URDGV�
2EVHUYH� WKDW� IRU�KLJKZD\V� DQG�PRWRUZD\V�	�SURYLQFLDO� URDGV� WKH� IL[HG� FRVWV� RI� FRQ�VWUXFWLRQ��PDLQWHQDQFH� DQG� ODQG� XVH� DUH� KLJKHVW� IRU� EXVVHV� EHFDXVH� RI� WKHLU� UHODWLYHO\ODUJH�3&(¶V��,Q�IDFW��GLIIHUHQFHV�LQ�FRVWV�SHU�NLORPHWUH�EHWZHHQ�WUDQVSRUW�PRGHV�FDQ�EHH[DFWO\�WUDFHG�EDFN�WR�GLIIHUHQFHV�LQ�3&(¶V��2SHUDWLRQ�FRVWV�SHU�NLORPHWUH�DUH�HTXDO�IRUDOO�WUDQVSRUW�PRGHV�DW�LGHQWLFDO�URDG�W\SHV�EHFDXVH�WKH\�WKHVH�FRVWV�DOORFDWHG�RQ�WKH�ED�VLV�RI�YHKLFOH�NLORPHWUHV�RQO\��)XUWKHUPRUH��FRVWV�WKDW�DUH�DOORFDWHG�XVLQJ��WK SRZHU�D[OHORDGV�� EHLQJ� YDULDEOH� FRVWV� RI� FRQVWUXFWLRQ� DQG� PDLQWHQDQFH�� DUH� DOORFDWHG� SUHGRPL�QDQWO\�WR�EXVVHV�DQG�WRXULQJ�FDUV�
7DEOH����&RVWV�RI�'XWFK�KLJKZD\�LQIUDVWUXFWXUH�IRU�'XWFK�IUHLJKW�WUDQVSRUW��LQ� ¼FW�SHU�9NP�&RQVWUXF�WLRQ�FRVWV���

&RQVWUXF�WLRQ�FRVWV���
0DLQWH�QDQFHFRVWV

2SHUDWLRQFRVWV &RVWV�RIODQG�XVH 7RWDO)L[HG&RVWV
7RWDO9DULDEOH&RVWV7UXFN�VROR������WRQ����±���� ���� ���� ���� ���� ���� ���� ��������±�� ���� ���� ���� ���� ���� ���� ������±��� ���� ���� ���� ���� ���� ���� ����7UXFN�VROR�!����WRQ���±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ����� �������±��� ���� ���� ���� ���� ���� ����� ����7UXFN�FRPELQDWLRQ�!����WRQ���±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� ����7UDFWRU�ZLWK�WUDLOHU�!����WRQ���±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� �������±��� ���� ���� ���� ���� ���� ���� ����
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